Bones are the basis of the musculoskeletal system. Thus, disorders, fractures and atrophy severely affect the quality of life. Most Western societies show increasing life expectancy. These demographic changes call for age-adjusted treatments, therapies and interventions within all medical disciplines including traumatology, cranio-maxillofacial and orthopaedic surgery, as well as dentistry. Fractures in aged or osteoporotic patients are often caused by mild trauma. The consequences are prolonged hospitalisation and lower quality of life. Due to the high case numbers, the fracture healing of extremities has been extensively investigated, in particular, because it burdens the public health system.
In accordance with clinical routine and current scientific literature, biological age does not affect healing and successful osseointegration of dental implants. 7 Not unexpectedly, individuals of advanced age and geriatric patients also benefit from dental implants that improve their personal quality of life. 8 This is particularly due to oral rehabilitation, which enables normal chewing and as a consequence thereof proper nurturing, facilitating trouble-free social activities, without disturbing esthetical dental considerations. 8, 9 It shall be also noted at this point that facial and cranial bones distinctly differ from the rest of the skeleton. Besides different embryonic origin and different ways of ossification, both regions also have a different stem cell pool with distinctly different regenerative capacities. [10] [11] [12] Skeletal bone at advanced ages shows distinct appearances and properties. Considering these differences associated with clinical observations, we hypothesised that cells residing in cranial bone age in a tissue-specific manner and pattern. We therefore investigated bone taken from cranial skeleton and compared it to postcranial skeleton by applying hard tissue histology and immunostaining.
| MATERIAL AND ME THODS

| Murine samples
Mice were taken from an established longevity colony which was registered according to the §10 and 11 of the Austrian Animal Welfare
Law and notified as such to the Austrian Ministry of Sciences and
Arts. Bone from facial regions and lower appendages were taken from male C57Bl/6J mice. Three mice were selected, which had been kept for 34 to 36 months under standard conditions, thereby showing no adverse features and illnesses. Also, three young individuals from the same breeding colony were included at an age of 4 months.
In detail, the mandibles and right femurs of all animals were carefully dissected in toto. The animals served as untreated control groups in another study. Hence, no ethical approval was required.
| Human samples
Bone samples were taken from a human cadaver of a 98-year-old male. Bodies had been donated to the Division of Clinical and
Functional Anatomy of the Innsbruck Medical University by people who had given their informed consent for their use for scientific and educational purposes prior to death. [13] [14] [15] All cadavers were preserved using an arterial injection of formaldehyde-phenol/alcoholglycerine solution and immersion in phenolic acid in water for 1 to 3 months. 15 Samples were obtained from the mandible and the tibia using a 10-mm trephine drill. The preserved tissue was taken into further analysis applying the same procedures as performed for murine preparations.
| Histologic analysis
The specimen was fixed in 4% neutral buffered formalin and subsequently dehydrated using increasing alcohol concentrations, and embedding in Technovit 9100 at 4°C (Heraeus Kulzer, Hanau, Germany).
Mandibles were mounted in a way that cutting planes were axially within the body of the mandible, whereas femurs were sectioned 
| Immunohistochemical analysis
After Technovit 9100 dissolution and rehydration, antigen retrieval was performed through incubation with 1% citric acid at 95°C for Dako, Denmark).
| Evaluation of osteocyte numbers and density
Osteocyte number and density were evaluated with HE-stained specimen with aid of a upright Nikon (Eclipse 801 light 
| Statistical analysis
The statistical analyses were performed using R statistics software (R Development Core Team, 2016) . Data were pooled per animal/ human, and mean values, standard deviations, medians and 1.-3.
quartiles (Qu.) were computed for each variable and group. For comparing the groups, a t test for partial depending samples was applied. 17 P-values below 0.05 were considered as significant. 2 ). Significant differences were only observed between the young and old femur (P < 0.001, t test for partly depending data), while no significant difference was recorded for young and old mandibles.
| RE SULTS
Taken this observation that active osteocyte numbers differ over age, bone specimen was treated with Masson-Goldner stain which allows the distinction between osteoid and mature bone.
In the young and old mandible, as well as in young femur, osteoid structure and material could be clearly distinguished, whereas almost no osteoid was present in old femur ( Figure 3 ). As a further independent distinction of continuing bone morphogenesis, expression of a major bioactive factor that induces bone, BMP-2, was investigated. Consistent with the previous observations, BMP-2 was distinctly present at the surface of young femur while being less detectable at mandibles taken from young or old individuals.
Osseous surfaces of old femur exhibited only very weak BMP-2 expression ( Figure 4 ). These findings could be corroborated in bone taken from a 98-year-old person ( Figure 5 ). The long bone contained an increased number of empty lacunae. However, mandible appeared uncompromised because this type of bone contained a high density of intraosseous long-lived osteocytes.
| D ISCUSS I ON
Bone ageing is commonly associated with a reduced healing capability and also with lower mineral density, despite bone remodelling and repair is considered a lifelong process and fundamental for survival of an organism. Tissue-specific conduct of bone ageing is moulded by osteocytic activity, which was hypothesised to vary between postcranial and craniofacial skeleton at higher ages. In detail, as the presence of vital osteocytes in ageing bone is supposed to be relevant for remodelling and bone repair, we hypothesised that the fraction of osteocytes per lacuna and osteoid formation will be comparable between craniofacial and postcranial bone in young animals, whereas lower values will be observed in the postcranial skeleton compared with the craniofacial skeleton at higher ages of the animals. The ageing process is influenced by integrating various factors such as lifestyle, sex/gender, genetic determination and chronic diseases. 18, 19 To justify a broad study on human subjects, we started out investigating bone collected from inbreed C57Bl/6 mice. It was firstly Age-related changes, as described here, are in good concordance with previous studies. 19, [22] [23] [24] Osteocyte density is also changing in humans over lifetime confounded by sex/gender and promoted by diseases such as osteoporosis. 18, 24 Nevertheless, literature is not consistent on the osteocyte density decline. 25 Instead of a reduced osteocyte number, a significant reduced lacunar volume was seen. 25 Nonetheless, this would also affect the mechano-sensing function as does the described age-associated pericanalicular micropetrosis.
Interestingly, however, mandibular biopsies taken from osteoporotic, osteopenic or healthy individuals showed no significant influence on osteocyte density. From a clinical perspective, the implications of age-associated changes of osteocyte density are meaningful in several aspects.
In an ageing society, application of dental implants and interventions concerning oral rehabilitation is on a constant rise. 27 As osteocytes play a crucial role in mechano-sensing and mechanotransduction, it is the osteocyte, which positively influences bone remodelling. This activity is also of pertinent relevance for the induction and orchestration of osseous integration of dental implants or for completing the healing processes after fracture. 2 As a high density of osteocytes is found in aged mandible, it is tempting to conceive that the microenvironment around dental implants responds seemingly well to masticatory forces in young as well as in aged mandible.
To strengthen these first findings in aged mouse, future studies in man should scrutinise appearance of aged cranial and postcranial bone with respect to anatomical features in particular osteocyte density. Constraints regarding human age with respect to lifestyle, pathology and body weight and composition may certainly complicate broad comparisons as endosseous ageing-specific biomarkers have not been elucidated yet.
In conclusion, the present study indicated that ageing both 
